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[57] ABSTRACT

The device for computing the pseudo-variance

N-—1
2, 1P — B |

J=

of the N instantaneous periods P;of an alternating-cur-
rent signal S, and especially for detecting a signal in the
presence of noise comprises means for detecting the
sign of the difference P;41—P;, means for adding the
quantity 2(P;+;—P;) to the quantity

1—1
Pi+2 .2 (Bjr1— P

(with 1=j=1 and Pj41—P;) when P;; is greater than
P;, and means for subtracting the value Py from the
value

N-—-1
P42 .21 (Piy1 — P)

1=

(with P;41>P;), the pseudo-variance to be determined
being provided by the subtraction means.

10 Claims, 3 Drawing Figures
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1

DEVICE FOR COMPUTING THE .
PSEUDQO-VARIANCE OF THE INSTANT ANEOUS
PERIODS OF AN ALTERNATING-CURRENT
. | SIGNAL - 5

"This invention relates to a device for computing the
pseudo-variance of the lnstantaneous periods of an alter-
nating-current sngnal |

This device 1s prlmarﬂy applicable to systems for
detecting a signal in the presence of noise. Radar or
sonar sets are usually equipped Wlth detection systems
of this type. -

Measurement of pseudo-vanance of the instantaneous
periods of an alternating-current signal in fact consti-
tutes a signal detection criterion which is based on the
statistical properties of zero-crossings of a signal mixed
with noise. | ' -

The advantage of a device of this type in radar or

10

15

sonar systems lies in the fact that the pseudo-variance of 20

a signal constitutes a highly effective means of estimat-
ing the nature of the received signal: a pseudo-variance

of low value characterizes a pure-frequency signal, a
pseudo-variance of high value characterizes a “noise
alone” and all the intermediate values characterize the 2°
ratio of signal to “noise alone”, this latter being assumed

to be known as a result of prehrnmary tests carried out
on the mobile carrier unit under various conditions of
environment.

The pseude-vanance of the N instantaneous periods 30

P; (i being a whole number which is variable from 1 to
N) between the consecutive zero-crossings of an alter-
nating-current signal is defined by the formula-

335

1
z |P:+1_P:|

This formula represents the sum of absolute values of
the differences between N successive mstantaneeus 40
periods of the alternating-current signal.

A conventional device for computing pseudo-vari-
ance is provided in series with means for clipping the
alternating-current signal, a counter associated with a
clock for measuring the time-duration of each instanta-
-~ neous period P;, a subtractor associated with a first
buffer storage device for computing the N differences
P;..1—P;, an adder associated with a second buffer
storage device for adding together the N difference
P;.1—P; and a counter for counting the number N of 50
instantaneous peneds in order to initialize the computa-
tion process and to validate the result obtained at the
dutput of thé second buffer storage device.

This conveiitional device has a structure which is
de31gned i aécordaticé With the pSeudo-variance for-
inula but suffers fromi a diawback in that a large number
of components are requlred for its construction.

The aim of the present ihvertion is to piovide a pseu-
do-variance computation device which has a simplified
structure and whlch in partlcular does fiot entail the
tse of any adder or any buffer storage device.

In accordance with a distinctive feature of the inven-
tion, the device for computation of the pseudo-variance
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IP1+1 - P:I
1=1

4,453,223

2
of the N instantaneous periods P; (i being a whole num-

ber which is variable from 1 to N—1) of an alternating-

current signal 1s provided in series with clipping means
for limiting the amplitude of the alternating-current
signal, detection means for detecting the sign of the
difference P;41—P;, selective addition means for add-
ing the quantity 2(P;4+1—P;) to the quantity

- ]
P1 + 2}2 (I}.}.]

Py

(j being a whole number which is variable from 1 toi—1
and P;,| being greater than P;) when P;; 1 is greater
than P;, and subtraction means for subtractlng the value
Py from the value

N-1
Py + 2 :'El Piy1 — P

(with P;4 1 greater than P;), the subtraction means being
intended to provide the pseudo-variance which 1t is
sought to determine.

Other features of the inention will be more apparent
upon consideration of the following description and
accompanying drawings, wherein:

FIG. 11is a diagram of a pseudo-variance computation

device showing a first embodiment of the selective-

addition and subtraction means;
FIG. 2 is a diagram of a pseudo-variance computation
device showing a second embodiment of the selective-

- addition and subtraction means;

FIG. 3 is a diagram of the waveforms obtained' at
different points of the device shown in FIGS. 1 and 2.

Identical elements in FIGS. 1 and 2 are designated by
identical references.

The structure of the pseudo-variance computation
device shown in FIGS. 1 and 2 arises from the follow-
ing principle which forms the basis of the invention.

It is sought to compute the quantity

N-1

> — Pil.
i=1 i

| Pis1

To this end, the following two quantities are defined:

—1
Vi = 3 | Pi+1 — Fj| and
j....

Q;=V;+ P;, with the following initial conditions:

V1=0 and 1 —P]

Thé variablé i is a whole number which is variable
froin 1 to N=1 and the variable j is a whole number
which is variable from 1 to i=1,

We may aceordingly write the following equalities:

Vig1=Vi+|Piy1—P;| and
Qi+1=Vit1+Pis1.

In consequence, if P; 1 is greater than P; we may write
the following equality:

Qi+1=0Qi+2(Pij1—P)

and if P;.1 is smaller than P; we may write the follow-
ing equality:
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3
Qi+1=0x

The algorithm of computation of pseudo-variance in -
accordance with the invention therefore consists in
causing the value of Q; of the quantity 2(P;1—P)) to 5
vary or not to vary up to the value of i equal to N—1,
depending on the sign of the difference P;+1—P;. The
first period Py provides the first value Q. The last per-
iod Py provides the last value Qpn; and in order to obtain
the pseudo-variance V y, it is only necessary to subtract
the value Py from Q.

The pseudo-variance computation device shown in
FIG. 1 comprises clipping means 1 for limiting the am-
plitude of the alternating-current signal S, received at
the input of the device, detection means 2 connected to
the output of the clipping means, selective-addition
means 3 connected to the output of the detection means,
and subtraction means 4 connected to the output of the
selective-addition means and adapted to provide the
pseudo-variance V which it is sought to determine.

The detection means 2 comprise a first counter 5, the
zero-reset input CL of which is connected to the output
of the clipping means, the clock input CK of which is
connected to the output of a first clock 6 for delivering
a signal Hj having a high frequency f, and the bidirec-
tional counting selection input of which receives a sig-
nal (not shown) having a logic level which indicates
that said counter must be incremented.

The detection means 2 further comprise a second
counter 7, the loading inputs of which are connected to
the outputs of the counter 5, the clock input CK of 30
which 1s connected to the output of the clock 6, the
loading control input LD of which is connected to the
output of the clipping means, and the bidirectional
counting selection input of which receives a signal (not
shown) whose logic level indicates that said counter ha
to be decremented. |

The selective-addition means comprise a third
counter 3, the loading inputs of which are connected to
the outputs of the counter §, the loading control input
LD of which is connected to the output of a circuit for 40
locating a first instantaneous period, the clock input CK
of which is connected to the output of a second clock 8
having a frequency equal to 2f, the bidirectional count-
ing control input EN of which is connected to the out-
put of a circuit 9 for storing the overflow of the second 43
counter and the bidirectional counting selection input of
which receives a signal (not shown) whose logic level
indicates that said counter has to be incremented.

The subtraction means comprise a fourth counter 4,
the loading inputs of which are connected to the out- 30
puts of the counter 3, the loading control input LD of
which 1s connected to the output of a circuit for locat-
ing the Nth instantaneous pertod, the clock input CK of
which 1s connected to the output of the clock 6, the
bidirectional counting control input EN of which is 55
connected to the output of the Nth instantaneous period
decoder and the bidirectional counting selection input
of which receives a signal (not shown) whose logic
level indicates that said counter must be incremented.

The circuits for locating the first and Nth instanta- 60
neous periods comprise a fifth modulo N counter 10, the
clock input CK of which is connected to the output of
the rectifying and clipping means 1, a “value 1 decoder
11 and a “value N”’ decoder 12, the inputs of which are
connected to the outputs of the counter 10.

The output of the decoder 11 is connected to the
loading control input LD of the counter 3. The output
of the decoder 12 is connected to the loading control
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4

input LD and to the bidirectional counting control
input EN of the counter 4.

The overflow storage circuit 9 of the second counter
consists of a bistable device whose input PR for forcing
to the logic level “1” is connected to the retaining out-
put RC of the counter 7 whose input CL for forcing to
the logic level “0” is connected to the output of the
rectifying and clipping means and whose output Q is
connected to the input EN of the counter 3.

The operation of the pseudo-variance computation
device shown in FIG. 1 will now be explained with
reference to FIG. 3 which illustrates the waveforms
obtained at different points of the device in respect of a
particular value of N which is equal to 8.

‘The clipping means 1 converts the alternating-cur-
rent signal s, to a rectangular signal S, which is adapted
to be processed by means of logic circuits. The logic
level “1” of the signal S, corresponds for example to
positive amplitudes of the signal s,, and the logic level
“0” of the signal S, corresponds to negative amplitudes
of the signal s..

By instantaneous period of the signal s, is meant the
time interval which elapses between two consecutive

“zero-crossings of the signal s, or in other words the time

interval which elapses between two wavefronts of the
signal s, namely wavefronts having the same character
and consisting of either leading or trailing edges. The
zero-reset input CL of the counter S is sensitive to the
leading edges of the signal S.. Under these conditions,
the counter 5 counts the number of periods of the clock
signal H; between two successive leading edges of the
signal S,, this number being representative of the time-
duration of the instantaneous periods P; of the signal s,.

The loading control input LD of the counter 7 is
sensitive to the leading edges of the signal S,. Thus the
counter 7 1s loaded with the value P;at the beginning of
the following instantaneous period P;y;. Since the
counter 7 i1s decremented at the same rate as the recur-
rence frequency of the clock signal Hjy, said counter
delivers at the end of the instantaneous period P;11 a

number which is representative of the difference P; 1.

—P;. |

The clock input CK of the counter 10 is sensitive to
the leading edges of the signal S.. Thus the decoder 11
delivers a signal DEC; having a high logic level when
1 assumes the value 1. Furthermore, the loading control
input LD of the counter 3 is sensitive to the leading
edges of the signal applied to said input. Under these
conditions, the counter 3 is loaded with the value P at
the end of the first instantaneous period.

The circuit 9 for storing the overflow of the counter
7 delivers a signal DEB having a high logic level when
the difference P;1—P;is positive. It is in fact assumed
that the bistable device which constitutes said circuit is
forced to the high logic level when the counter 7 over-
flows, then to the low logic level at the instant of ap-
pearance of the following leading edge of the signal S..

Thus, 1n the time interval during which the difference
P;+1—P; 1s positive or, more precisely, during which
the difference P;—P;1 employed in practice as shown
in FIG. 3 is negative, the counter 3 is incremented at a
rate which is double the rate of incrementation of the
counter 7.

In consequence, at the end of the instantaneous per-
iod P; 11, the counter 3 delivers at its outputs the value




i—1
P + 2}._5_1 |(Pj+1 — P)]

with Pj+1>Pjand 1=jSi—1.

The decoder 12 delivers a signal DEC Nhaving a hlgh
logic level when i assumes the value N and when the
loading control input LD and the bidirectional counting
control input EN of the counter 4 are sensitive to the
leading edges of the signal received by these inputs.

Thus, at the begmmng of the Nth instantaneous per—
10d, the counter 4 is loaded with the value

N—-1
Pr+2 2 [(Piy1— P

with P; 1>P;and, at the end of the Nth instantaneous
- period, the counter delivers at its outputs the quantity

- N—-1
fr+2 2 Fip1— P)— Py,

where P;;1—P;is positive, namely the pseudo-variance
which it is sought to determine.

The pseudo-variance computation device shown in
FIG. 2 differs from the device shown in FIG. 1 solely in

the construction of the selective-addition means and of

the subtraction means. In FIG. 2, the selective-addition
means and the subtraction means are formed by means
of a single counter 13 associated with a control logic
unit 14.

The loading inputs of the counter 13 are connected to
the outputs of the counter 5. |

'The control logic unit 14 comprises a clock selection
circuit, a bidirectional counting selection circuit, and a
bidirectional counting control circuit.

The bidirectional counting control circuit has an
OR-gate 15 provided with one input connected to the
output of the decoder 12, one input connected to the
output of the bistable device 9 and one output con-

nected to the bidirectional counting control input EN of

the counter 13.
The clock selection circuit has an AND-gate 16 pro-
vided with one input connected to the output of the

bistable device 9 and one input connected to the output

of the decoder 12 via an inverter 17.
The clock selection circuit further comprises a switch

18 provided with one input connected to the output of
the first clock 6, one input connected to the output of

the second clock 8, and one control input connected to
the output of the AND-gate 16 and one output con-
nected to the clock mnput CK of the counter 13.

The bidirectional counting selection circuit is consti-

tuted by a single lead connected between the output of

the decoder 12 and the bidirectional counting selection
input U/D of the counter 13.

The loading control tnput LD of the counter 13 is
connected to the output of the decoder 11.

The operation of the computing device shown in
FIG. 2 will now be explained with reference to the

following truth table which gives the logic level of the

signals A, B and C which supply respectively the bidi-
rectional counting control input, the bidirectional selec-
tion input of the counter 13, and the control input of the
switch 18 as a function of the logic level of the signals

4,453,223
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DEB and DECy obtained respectively at the output of
circuits 9 and 12.

M

DECy DEB A B C
———N s A B C

0 0 0 X X

0 1 ! 0 0

1 0 1 1 i

1 1 1 1 0

m

When the signals DECy and DEB have the logic
level “0”, this means that the variable i has a value

which is different from N—1 but the condition P; .

>P; 1s not satisfied. In consequence, the counter 13
must not be operated either for forward counting or for
backward counting. This is indicated by a logic level
“0” of the signal A and by an indifferent logic level
(symbol x) of the signals B and C.

When the signal DECy has the logic level “0” and
the signal DEB has the logic level “1”°, this means that
the variable i has a value which is different from N— 1
but that the conditions P;y 1> P; is satisfied. In conse-
quence, the counter 13 must be operated for counting at
the same rate as the recurrence frequency of the clock
signal Hy. This is indicated by a logic level “1” of the
signal A and by a logic level “0” of the signals B and C.

When the signal DECy has the logic level “1” and
the signal DEB has the logic level “0”, this means that
the variable i has a value equal to N—1 and that the
condition P; 11> P;is not satisfied. In consequence, the
counter 13 must be operated for backward counting at
the same rate as the recurrence frequency of the clock
signal Hj. This is indicated by a logic level “1” of the
signals A, B and C.

When the signals DECy and DEB have the logic
level “1”, this means that the variable i has the value
N —1 and that the condition P;. 1> P;is established. In
consequence, the counter 13 must be operated simulta-
neously both for backward counting at the same rate as
the clock signal H; having a frequency f and for for-
ward counting at the same rate as the clock signal Hj
having a frequency 2f. This is equivalent to operating
the counter 13 for counting at the rate of the clock
signal Hj having a frequency f. And this is indicated by
a logic level “1” of the signals A and B and by a logic
level “0” of the signal C.

It 1s therefore apparent from the foregoing descrip-
tion that the device in accordance with the invention

0 for computing pseudo-variance has an extremely simple
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structure and calls for the use of a very small number of
components.

What is claimed is:

1. A device for computation of the pseudo-variance

1
1 |(P:+1 Pf)l

of the N instantaneous periods P; (1=i=N-—1) of an
alternating-current signal mixed with noise, the device
being provided with clipping means for limiting the
amplitude of the alternating-current signal, wherein said
device comprises detection means which serve to detect
the sign of the difference P;11—P;(1=1=N-—1) and are
connected to the output of said clipping means, selec-
tive-addition means which serve to add the quantity
2(P;iy+1—P;) to the quantity
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1—1
P1 + Zj_E_I (Pi+1 — P}

with 1=j=1and P;;.1>P;) when P; 1 is greater than P;
and which are connected to the output of said detection
means, and subtraction means which serve to subtract
the value Py from the value

N-—1
Pr+2 2 (Pip1— P

f —

(with 1=1=N-1 and P;+.1>P;) and which are con-
nected to the output of said selective-addition means,
the pseudo-variance to be determined being provided
by said subtraction means.

2. A device according to claim 1, wherein the detec-
tion means comprise a first counter for measuring the
time-duration of each instantaneous period P;, said first
counter being incremented at the recurrence rate of a
first clock signal having a frequency f and remitialized
by the signal delivered by the clipping means aforesaid,
and a second counter decremented at the recurrence
rate of the first clock signal and loaded by the output
signal of the first counter at the end of each instanta-
neous period.

3. A device according to claim 1, wherein the selec-
tive-addition means comprise a third counter loaded by
the output signal of the first counter, said third counter
being incremented at the recurrence rate of a second
clock signal having a frequency 2f and said third
counter being controlled by the signal delivered by the
detection means.

4. A device according to claim 1, wherein the sub-
traction means comprise a fourth counter loaded by the
output signal of the third counter, said fourth counter
being decremented at the recurrence rate of the first

clock signal and being controlled by the output signal of

a circuit which serves to locate the Nth instantaneous
period and receives the signal delivered by the clipping
means, the pseudo-variance to be determined being
delivered by the output of the fourth counter.

5. A device according to claim 4, wherein the circuit

d
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for locating the Nth instantaneous period comprises a 45

fifth modulo N counter incremented at the recurrence
rate of the signal delivered by the clipping means, and a
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8

decoder for the value N connected to the output of the
fifth counter, the output of the locating circuit being
constituted by the output of the decoder for the value
N.

6. A device according to claim 1, wherein the selec-
tive-addition and subtraction means comprise a sixth
counter being loaded, at the first instantaneous period of
the alternating current signal, by the signal delivered by
the first counter and a sixth-counter control logic unit
which receives a first clock signal having a frequency f,
a second clock signal having a frequency 2f, the signal
delivered by a circuit for locating the Nth instantaneous
period, and the signal delivered by the detection means,
and which delivers the bidirectional counting control
signal, the bidirectional counting selection signal and
the clock signal of the sixth counter, the pseudo-vari-
ance to be determined being delivered by the output of
sald sixth counter.

7. A device according to claim 6, wherein the control
logic unit of the sixth counter comprises a bidirectional
counting control circuit, a bidirectional counting selec-
tion circuit, and a clock selection circuit of the sixth
counter.

8. A device according to claim 7, wherein the clock
selection circuit of the sixth counter comprises an
AND-gate which receives the signal delivered by the
circuit for locating the Nth instantaneous period and
reversed by means of an inverter as well as the signal
delivered by the detection means, said AND-gate being
also adapted to deliver the control signal to the switch
which receives two clock signals having a frequency f
and 2f, the clock signal being delivered by said switch
to said sixth counter.

9. A device according to claim 7, wherein the bidirec-
tional counting control circuit of the sixth counter com-
prises an OR-gate which receives the signals delivered
respectively by the detection means and by the circuit
for locating the Nth instantaneous period and which
delivers the bidirectional counting control signal of said
sixth counter.

10. A device according to claim 8, wherein the bidi-
rectional counting selection circuit is constituted by a
lead wire connected between the output of the circuit
for locating the Nth instantaneous period and the bidi-

rectional counting selection input of the sixth counter.
k * %X % %
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